SUMMARY: This paper reports the development and estimation of a Vector Autoregressive (VAR) econometric model representing the financial statements of a firm. Although the model can be generalized to represent the financial statements of any firm, this work was carried out as a case study, where the chosen company is Petrobras S/A. The methodology comprises correlation analysis, unit root tests, cointegration analysis, VAR modeling, Granger causality tests, in addition to impulse response and variance decomposition methods. Besides the endogenous financial statement variables, an exogenous variable vector was utilized including the Brazilian GDP, domestic and foreign interest rates, the international oil price, the exchange rate, and country risk. The model's final version is a Vector Error Correction Model (VECM), which takes into account the cointegrating relationships among the endogenous variables. After estimation and validation, the model is used to forecast the firm's financial statements. Estimates for the exogenous variables and dividend forecasts were also used to estimate the firm's market value. The results are apparently robust and might contribute to the field of financial planning and forecasting.
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INTRODUCTION
Various studies have been documented in the literature seeking to model the operational and the financial activity of a firm (MUMFORD, 1996; GEROSKI, 1998; PEREZ-QUIROS; TIMMERMANN, 2000; OGAWA, 2002; ERAKER, 2005) . However, there are few studies, besides those of Saltzman (1967 ) and De Medeiros (2004 that are specifically geared towards the econometric modeling of a company's operating and financial activity based on its financial statements which also take into consideration the influence of exogenous macroeconomic variables. Both Saltzman (1967 ) and De Medeiros (2004 developed financial statement forecasting models utilizing simultaneous structural equation systems. However, an alternative methodology, Vector Autoregressive models (VAR), which is a natural generalization of univariate autoregressive (AR) models does have some advantages over the latter. One of these advantages resides in the fact that in general, its forecasts are considered superior to simultaneous equation models (SIMS, 1980; MCNEES, 1986) . The model developed here is aimed at explaining the relationship among the accounting variables and the relationship of these variables with economic exogenous variables. Economic forecasts were made based on this model as well as prospective analyses as to the firm's value and its future performance. It is expected that the model developed in this case study can be applied to any company with the appropriate adaptations, mainly concerning the exogenous economic variables involved.
The paper is structured in the following manner: Section 2 deals with the theoretical background; Section 3 establishes the methodology utilized; Section 4 discusses the empirical results; and Section 5 presents the conclusions. Saltzman (1967) was quite possibly the pioneer in econometric modeling using variables that make up a firm's financial statements. In developing a model of simultaneous equations to explain the behavior of a firm, this author created a set of ten related equations and five equations for forecasting economic results. The model's endogenous variables include sales, end-product prices, inventories, variable and fixed costs, purchases and investments made by the firm. The effects of exogenous variables such as salaries, raw materials and external demand determinants were also included in the model. The data utilized by Saltzman (1967) to estimate the model's parameters was quarterly data of a American industrial firm that manufactured washing and drying machines competing in an oligopolistic market. For the firm under study, the relationships between price and demand and between price and cost were found to be very inelastic (SALTZMAN, 1967) .
THEORETICAL BACKGROUND
One of the conclusions was that this low price and demand elasticity could be explained by the competitive nature of the washing and drying machine industry. Besides, the model indicates that the expenses for product development, technology and administration reduced the operating costs, as expected by the author.
According to Saltzman (1967) , given the estimation and interpretation of explanatory variable coefficients such as profit, sales and market participation, there was an indication that the firm operated at the "satisfaction" level instead of seeking to maximize variables like sales and profit.
De Medeiros (2004 Medeiros ( , 2005 The macroeconomic environment that surrounds a company is seen by Oxelheim and Wihlborg (1987) as being constituted of a group of four relative prices: exchange rates, interest rates, inflation and spread. According to Oxelheim (2002) the spread refers to the premium charged by companies for the uncertainty related to the market's structure.
Regarding the correlations between these economic variables, Oxelheim and Wihlborg (1997) present strategies to deal with macroeconomic uncertainties. The goal is to facilitate the analysis of recognizing complete interdependence between macroeconomic variables thereby constituting the macroeconomic environment of an organization. The vulnerability of a firm in its macroeconomic environment can be expressed by measuring the sensitivity to changes in the relative prices of three categories: exchange rates, interest rates, and inflation.
As such, according to Oxelheim and Wihlborg (1997) , an analysis should offer a basis to: (i) identify economic variables that are important to a particular firm; (ii) determine the performance effects generated by the fluctuations of these economic variables; and (iii)
formulate an appropriate strategy to deal with these variables. Identifying the most important economic variables should take into consideration the interdependencies between the different types of variables. The main point is that interdependency between exchange rates, interest rates, and inflation rates can neither be so strong that to cause multicollinearity nor so weak to imply that the variables are orthogonal to each other so that they can be estimated separately.
Vector Autoregressive (VAR) methodology is a frequent approach in macroeconomic modeling and in studies related to corporate finance and financial markets (ONO et al, 2005; ABRAS, 1999) . VAR methodology was proposed as an alternative to simultaneous equation models and made significant advances in the 1980s GRANGER 1987; CAMPBELL; SHILLER, 1987) . At the beginning of its development, Sims (1980) and Litterman (1979 Litterman ( , 1986 approached this methodology as being more appropriate for forecasting than simultaneous equation models. In a sense, VAR is simply a reduced form of overlapping simultaneous model regressions (HAMILTON, 1994, p 326-327 (BROOKS, 2002; LUTKEPOHL, 1993; SIMS, 1980 
METHODOLOGY

ECONOMETRIC DATA ANALYSIS
VAR modeling requires that some econometric data analyses be made on a priori basis in order to support an appropriate model specification. Such analyses are: (i) stationarity analysis; (ii) correlation analysis; and (iii) cointegration analysis. Such analyses respectively help deciding whether (i) the model should be specified with variables that are on levels or in differences, (ii) there is a risk of multicollinearity and (iii) the appropriate model will be a VAR in its original form or a VAR in a Vector Error Correction Model -VECM form in the case that there is at least one cointegrated relationship.
Stationarity analysis
For stationarity analysis, it is necessary to carry out unit root tests on the variables that will be included in the model. The condition for stationarity is one of the requirements prior to estimation (LUTKEPOHL, 1993; ENDERS, 1995; BROOKS, 2002) , since regression models involving non-stationarity time series may produce spurious regressions (HARRIS, 1995 ( 1) where yt is the series being tested and gt-1 is the 1 st difference operator. The null and alternative hypotheses are respectively, H0: g = 0 and H1: g < 0. This is a test of the hypothesis that the series has a unit root, meaning that it is non-stationary when the ADF statistical value is less than the critical value.
Correlation analysis
The correlation matrix indicates the intensity and direction of the linear relationship among the variables. Accordingly, cross-correlation matrices were set up to carry out the analysis of the relationship among accounting variables and between those and the exogenous economic variables. Another purpose of correlation analysis is to evaluate the possibility of multicollinearity which would bring about VAR estimation problems.
Cointegration analysis
The concept of cointegration points to the existence of a long-term equilibrium to which the economic system converges over time (HARRIS, 1995) . Engle and Granger (1987) and Engle and Yoo (1987) proposed cointegration tests for two variables and a single equation.
Attempting to resolve the problem of there possibly being various cointegration vectors, Johansen (1988) and Johansen and Juselius (1990) proposed a test based on the maximum likelihood method. This test considers that the dynamic inter-relationships among the 
where r is the number of cointegrated vectors in the null hypothesis; T is the number of observations and ˆ is the estimated value of the n th eigenvalue, with the eigenvalues in descending order of value. The trace statistic test is a set of tests where the null hypothesis refers to the number of cointegrated vectors less than or equal to r, versus the alternative hypothesis that there are more (than) r vectors. 
MODELING
The result of the cointegration analysis permits deciding whether the model to be specified will be a VAR model in its group form in the case that there is no cointegration among the variables, or whether it will be a VAR model in the form of a Vector Error
Correction Model -VECM, if there is at least one relationship of cointegration among the variables. Using a matrix notation, a VAR model can be described as:
where y is an n x 1 vector that includes the model's endogenous variables; z is an m x 1 vector whose elements are the model's exogenous variables; A0 is an n x 1 vector of intercepts; Cointegration relationships in the system require that a Vector of Error Correction Model (VECM) be used instead of a VAR model. The VECM models as developed by Engle and Granger (1987) have as their aim the insertion of short-term adjustments due to the presence of cointegration. A VECM model can be represented in the following way:
where:
Dyt is a vector of differences with n variables, 
CAUSALITY ANALYSIS (JOHANSEN; JUSELIUS,
Causality as defined by Granger (1969) and Sims (1972) 
restricted VAR :
where m is the number of lags in the regressions. Through an F test, one tests that the restriction of a set b i coefficients is significantly different from zero. If affirmative, the null hypothesis that "xt does not Granger-cause yt" is rejected. Next, the null hypothesis "yt does not Granger-cause xt" is tested, exchanging the places of the variables in equations (6) and (7).
VARIABLES AND DATA
The study utilizes aggregated accounting variables originating from two financial The exogenous economic variables included in the model are: the country's interest rate; country risk; exchange rate; gross domestic product; and the international price of petroleum. Besides these, two deflators were utilized: the Brazilian WPI and the US Producer Price Index (PPI).
The domestic interest rate has a direct impact on financial assets and liabilities as well as on income and financial expenditures. This refers respectively to receivables and payables and to loans and financing denominated in the country's currency. The proxy adopted as the In a variety of ways, the exchange rate impacts the economic activities of a firm that works with importing and exporting or that retains assets or liabilities denominated in a foreign currency. The source for the exchange rate data R$/USD is the Bloomberg system.
The data was corrected by the WPI and by the PPI.
GDP is the main indicator of economic activity of a country and directly affects the Net Revenues of a firm. It expresses the value of production inside geographic borders, during a determinant period, and is independent of the nationality of the production units. The
Central Bank of Brazil (series 1253) was the source for GDP data.
The international price of petroleum is an important indicator in Petrobras' activities and its variations directly influence the Net Revenues of the firm in two ways, one negative and one positive. An increase in the price of petroleum, when passed on to the consumer, causes its demand to fall. But on the other hand, since the Brazilian economy is highly dependent on this source of energy this means that demand is less elastic to the price, so higher prices mean a higher income. The data for this variable refers to the price of crude oil in Dubai (Arabian Gulf Oman/Dubai Crude Oil Average Price) in USD and was obtained from the Bloomberg system and adjusted for inflation by the PPI.
Given the need to deflate the series to be used in this study, two indicators were adopted. The WPI for the series denominated in the national currency and the PPI for the series denominated in USD. 
RESULTS
STATIONARITY ANALYSIS
The presence of unit roots in the variables was tested by carrying out ADF tests as shown in Table 1 . Some variables on their levels have unit roots and none of them presented unit roots in the first difference, meaning that some variables are I(0) and other are I(1). This suggests that the model will have to be specified by variables in first differences in such a way as to eliminate unit root variables I(1).
CORRELATION ANALYSIS
In view of the stationarity analysis results, the correlation analysis was carried out with the variables in 1 st differences since, given the presence of unit roots, the correlations of variables on their levels would be spurious correlations. Table 2 illustrates the accounting variable cross-correlation It is worth noting that the high and positive (> 0.5) correlations between CA and CL and between CA and NR came out as expected. The correlation between FA and EQ is high and positive just as the correlation between NR and NI is. Table 3 shows the correlation matrix between accounting variables and economic variables. The matrix reveals that the exchange rate has a positive and significant impact on CA, CL, LL and NR. This is most likely in consequence of import and export operations and foreign exchange financing. Correlations between the international interest rate (LIBOR) have a negative impact on CA, FA, CL, EQ and NI. One possible explanation is that when the international interest rate raises, a firm resorts more to its own resources, causing the balances of the accounts mentioned above to fall and vice-versa. In another case, increases in the Selic rate cause significant negative impacts on CA, CL, and LL and positive impact on FA and EQ. The negative impacts of the Selic rate may also arise from using one's own resources when there are increases in the Selic rate and vice-versa. The positive impacts of the Selic rate on FA and EQ may take place owing to the fact that these accounts are linked to the Selic rate in long term agreements making it harder to reduce them when the rate increases. It can be observed that changes in GDP do not cause a significant impact on the endogenous variables, but changes in the international petroleum prices (OIL) have relatively larger impacts on the diverse accounting variables than those of GDP. These coefficients are difficult to interpret since the impacts referred to depend on the volume of imports and exports experienced by the firm. The rejection of the null hypotheses in Table 4 permits an analysis as to the formation of the accounting variables. Initially, it can be perceived that variations in CA are preceded by variations in FA, in CL and in EQ. This could be interpreted as being in accordance with the firm's decision-making process since investment decisions, which are those that determine variations in Fixed Assets, occur prior to decisions that determine the working capital. The fact that variations in CL precede variations in CA shows that short-term financing decisions occur prior to working capital decisions. On the other hand, the rejection of the null hypothesis that variations in EQ precede variations in CA is also expected given that longterm decisions should come prior to short-term changes. As such, it can be stated that changes in CA are preceded by changes in FA (investment), in EQ (capital structure) and CL (short-term financing).
GRANGER CAUSALITY ANALYSIS
Other relevant Granger causality phenomena are that variations in NR precede variations in NI, in EQ and in CL, and that variations in NI come before variations in NI. As for the interactions among the exogenous variables and the accounting endogenous variables, it can be noted that the stronger Granger causality occurs among the variations in the price of petroleum (OIL) and variations in the NR, with an F statistic of 9.03 and a p-value of 1.2 x 10 -5 , and among variations in OIL and variations in NI, with an F statistic of 5.8 and a p-value of 0.0006. Such a result is according to the expected, given that the price of petroleum is a factor that is direct determinant in a petroleum firm's revenue and indirectly for profit. It is also worth noting that the precedence of variations in the exogenous variables, EXCHANGE Given that the sample is not very long, the results should be interpreted with care. By any means, Johansen's cointegration tests show that the trace-statistic and the maximum eigenvalue statistic indicate that there are between 2 and 7 cointegration relationships in all the intercept and tendency combinations. Therefore, the model to be constructed should be the VECM, since Johansen's test demonstrates that there is cointegration among the model variables.
COINTEGRATION ANALYSIS
ESTIMATION RESULTS
Given that cointegration relationships occur, the VAR model is modified to a VECM.
A VECM model with four lags was the best estimated model, taking into account the R 2 of the regressions, the Akaike criteria (Akaike's Information Criteria -AIC) and Schwarz (Schwarz's Bayesian Information Criteria -SBC) and also the likelihood ratio test (BROOKS, 2002) .
The result of the VECM estimation model is in In evaluating the VECM estimated model and taking into consideration that there are four lags in each equation and the difficulty to interpret each coefficient especially because the coefficient signals alternate over time, it is necessary to examine (i) the impulse response function to verify how the dependent variables respond to a shock applied to one or more system equations and/or (ii) the decomposition function of the variance which decomposes the forecasted variance error for each variable in components which may be attributed to each of the endogenous variables.
IMPULSE RESPONSE FUNCTION
The impulse response function permits observing how the model responds over time to shocks applied to the model variables. In this paper, the impulse response function was analyzed over a period of ten years, i.e. forty quarters. Graph 1 shows the time behavior graph of the endogenous variables in response to a shock applied to the Current Assets.
It can be seen that in the case of a shock to the CA variable, the FA, LL and even the CA variables tend towards equilibrium more quickly while the NR and CL variables reveal themselves to have a long-term memory. It is interesting to note that the CA, LL and NI variables tend to return to pre-shock levels after oscillations while FA, CL, LL and NR have a change on their levels after the shock. Response of LL to AC Graph 1: Impulse response resulting from a shock in the CA variable. Source: Results of the study. Source: Results of the study. 
CONCLUSIONS
This paper sought to specify and estimate a Vector Auto-Regressive (VAR) model based on the financial statements of a firm, taking into account the influence exogenous economic variables on the chosen firm. In fact, the model developed is a VECM model, The most important conclusion reached empirically by the Granger causality test is that the price of petroleum precedes the Net Operating Revenue and consequently influences the profitability of the firm. In second place, there seems to be empirical evidence that Vector
Autoregressive models have a greater forecasting capacity than does multiple equations system models. This fact was described after making the ex-post forecasts for Petrobras' The ex-post forecasts demonstrate that there is a strong relationship between the variations in the Petrobras accounts with variations in the economic variables. This means that it was possible to verify that since Petrobras is the largest firm in Brazil, its accounts vary much more in accordance with market variations than in accordance with whichever model of management has been adopted.
